Abstract Anterior cervical decompression and fusion (ACDF) is the standard for cervical discectomies. With the full-endoscopic anterior cervical discectomy (FACD) a minimally invasive procedure is available. The objective of this prospective, randomised, controlled study was to compare the results of FACD with those of ACDF in mediolateral soft disc herniations. A total of 103 patients with ACDF or FACD were followed up for two years. In addition to general parameters specific measuring instruments were used. Postoperatively 85.9% of the patients no longer had arm pain, and 10.1% had occasional pain. There were no significant clinical differences between the decompression with or without fusion. The full-endoscopic technique afforded advantages in operation technique, rehabilitation and soft tissue injury. The recorded results show that FACD is a sufficient and safe alternative to conventional procedures when the indication criteria are fulfilled. At the same time, it offers the advantages of a minimally invasive intervention.
Introduction
In cervical disc herniations anterior cervical decompression and fusion (ACDF) has now developed as a standard surgical procedure. It is usually described as a safe and sufficient operation with good fusion rates [1] [2] [3] . Nonetheless, specific problems may occur, such as loss in height of the intervertebral space, pseudarthroses or access complications [4] [5] [6] [7] . Degeneration of adjacent segments is discussed as a particular disadvantage of fusion [8] .
Modifications to reduce the disadvantages of ACDF have been described, such as anterior cervical decompres-sion without fusion [9] [10] [11] , anterior foraminotomy using various techniques [12, 13] , endoscopic anterior transdiscal decompression [14] , posterior microscope-assisted or endoscope-assisted "keyhole foraminotomy" [15] or endoscopic posterior decompression [16] . The cervical disc prosthesis is intended to combine decompression and reconstruction of the intervertebral space while preserving segment mobility [17] .
Endoscopic operations have become standard in various areas, such as arthroscopy or laparoscopy. These days, all disc herniations in the lumbar spine can be operated upon with the full-endoscopic technique [18, 19] . In lateral disc herniations of the cervical spine, a fullendoscopic posterior procedure is possible [16] . Otherwise anterior, transdiscal decompressions are described in the literature [14] .
The objective of this prospective, randomised, controlled study was to compare the results of cervical discectomy in mediolateral soft disc herniations using the full-endoscopic technique via an anterior approach with those of conventional microsurgical ACDF.
Materials and methods

Patient characteristics
In the prospective, randomised, controlled study we enrolled 120 patients with clinically symptomatic cervical mediolateral soft disc herniations who underwent discectomies in 2005/2006 (77 women and 43 men; age: 30-61 years; duration of pain: 4-128 days)
Study groups
Sixty patients each underwent conventional microsurgical (ACDF) or full-endoscopic anterior cervical decompression (FACD). Randomisation was not blinded, since the patients could identify the operation procedure. After determination of the general indication for surgical decompression by experienced physicians who were not involved in the operation, randomised assignment was made by nonphysician study stuff. This was balanced block randomisation to the end of the study. All operations were performed by two surgeons, who have many years of experience in both techniques. The results of the study group (FACD) were compared with those of the control intervention group (ACDF). The patients were informed prior to surgery about the procedure which was to be used for them. The later examiners were not informed about which operation procedure was used. Three interventions were performed at the level C3-4 (1×ACDF, 2×FACD), 16 at C4-5 (9×ACDF, 9×FACD), 55 at C5-6 (26×ACDF, 29×FACD), 41 at C6-7 (21×ACDF, 20×FACD) and five at C7-Th1 (3×ACDF, 2×FACD).
Inclusion criteria
The inclusion criteria for discectomy were: unilateral radiculopathy with arm pain; on magnetic resonance imaging (MRI)/computed tomography (CT) mediolateral localised monosegmental disc herniation; segments C2-3 to C7-Th1; ventrally at least 4 mm height of the intervertebral space.
Exclusion criteria were: foraminal localisation of the disc herniation; craniocaudal sequestering more than half of the vertebral body; clear instabilities or deformities; isolated neck pain; foraminal stenosis without disc herniation; previous operation at the same segment.
Full-endoscopic instruments
The oval operation sheath surrounding the endoscope has an outer diameter of 3.8×6.2 mm and is inserted diagonally into the intervertebral space by means of a dilator system. The telescope can be moved within the operation sheath, sliding through toward ventral in the direction of the cord is prevented. The angle of vision of the system is 25°. The telescope contains the light conductor system, a canal for continuous irrigation and the rod lens system. Various instruments including drills up to 2.5 mm in diameter can be used (Fig. 1) . All of the operating instruments and optics were products supplied by Richard Wolf GmbH (Knittlingen, Germany). The conventional microsurgical ACDF was performed with the known standardised technique using a microscope. A polyetheretherketone (PEEK) cage was used as the intervertebral implant; there was no additional ventral plating.
For the FACD, the ventral spine was palpated contralaterally between the oesophagus/trachea and vascular nerve sheath. After a 5-mm skin incision, a thin dilator (OD 1.8 mm) was inserted into the intervertebral space. Over this, a combined dilator-sheath system was bluntly inserted, until the final oval operation sheath (oval OD 3.8 mm× 6.2 mm) lay diagonally in the intervertebral space. After insertion of the telescope, further operation was performed under visual control and continuous irrigation with 0.9% saline solution. On the side with the pathological condition, the dorsal anulus, the dorsal segments of the vertebral body or the end plates and the uncinate process were prepared. The sequestered disk material was prepared and resected, and the anulus and posterior longitudinal ligament were opened.
The operations were performed under general anaesthesia and radiographic control with the patient supine. The head was fixed in place with Mayfield clamps. The arms were positioned on either side of the body with gentle traction. Drainage was applied only in the ACDF group. All patients were given a soft brace for seven days.
Follow-up
Follow-up examinations were conducted at day one (120 patients) and at three (115 patients), six (111 patients), 12 (110 patients) and 24 (103 patients) months after surgery. All patients received the appropriate questionnaire by mail four working days in advance. They came personally to the clinic for follow-up examination. The examinations were performed by two doctors, who were not involved in the operations. In addition to general parameters, other information was obtained using the following instruments: a visual analogue scale (VAS) for neck and arm pain, the German version of the North American Spine Society Instrument (NASS) [20] and Hilibrand criteria [21] based on Smith and Robinson [22] . All patients underwent MRI/CT and X-rays at the end of the follow-up period.
Statistical analysis
The Wilcoxon rank sum test and the Mann-Whitney U test were applied for the comparison of pre-and postoperative global results and comparison of results in the group at various times. The McNemar test was used to compare the characteristics of the groups. The descriptive assessments and analytical statistics were performed depending on the group characteristics with the program package SPSS. A positive significance level was assumed at a probability of less than 0.05.
Results
Baseline characteristics
A total of 103 patients (86%) were included in follow-up after two years (49×ACDF, 54×FACD). The remaining cases were lost for the following reasons: one operationunrelated death (17 months postoperative), three patients moved away and left no forwarding address and 13 patients did not respond to letters or telephone calls. The patient population was equal in the ACDF and FACD groups. There were no differences in results in relation to the individual surgeons.
Operative technique
The mean operating time in the ACDF group was 62 min (41-102) and thus significantly longer (p<0.001) than in the FACD group at 32 min (18-51). The intra-and postoperative blood loss in the ACDF group, measured by intraoperative suctioning and postoperative drainage, was less than 10 ml. In the FACD group, there was no measurable blood loss.
In the FACD group, bone resection on the posterior vertebral body or the uncinate process was required to reach the epidural space or the foramen in 33 cases (55%) Measurement of the lavage fluid inflow and outflow showed a maximum of 10 ml remaining intracorporeally.
In the ACDF group, the bone harvested intraoperatively sufficed to fill the cage in 47 cases. Cancellous bone was obtained from the pelvis using a percutaneous technique in 13 cases.
Perioperative complications
Transient difficulty swallowing occurred in seven cases (5× ACDF, 2×FACD) and there were two surface haematomas in the ACDF group. No further serious complications of the types described in the literature or other problems occurred.
Ten patients (8.3%) reported pain for a maximum of two days due to the Mayfield clamp. There were no other problems with the Mayfield clamp, such as injuries or infections.
Postoperative increase in arm pain occurred four times for a maximum of ten days.
Recurrences/revisions
There were two revisions (posterior foraminotomy) in the ACDF group due to persistent arm pain. The ACDF was repeated in one patient who had clinically relevant sintering of the implant with kyphosis. The revision rate in the ACDF group was 6.1%.
In the FACD group two patients (3.7%) suffered a recurrence after a pain-free interval. One patient was revised using the same technique, the other using conventional ACDF. Two patients with persistent arm pain were revised by means of ACDF. The revision rate in the FACD group was 7.4%.
Overall, the revision rate was 6.8% (seven patients). All revision operations were performed during the follow-up observation period, the earliest after five months. The difference in the revision rate between the two groups was not significant.
Radiological findings
All patients were examined at the end of the follow-up period using MRI/CT and X-ray (99 patients without revision using ACDF). No newly occurring degeneration was found in adjacent vertebral discs. Twelve patients showed progression of pre-existing adjacent disc degeneration (9×ACDF=18.8%; 3×FACD=5.9%, not significant).
Ten patients presented with an increase in the kyphosis angle in the operated segment (ACDF: four patients = 8.3%, ∅ 5.9°; FADC: six patients = 11.8%, ∅ 5°). This was not significant within or between the groups. The height of the intervertebral space decreased in both groups (ACDF: 6.1 to 5.0 mm; FACD: 5.3 to 4.1 mm). This was significant within both groups (p<0.05). The absolute height of the intervertebral space was significantly higher in the ACDF group (∅ 0.9 mm, p<0.05). There was no significant relation between kyphosis, high intervertebral space and the clinical outcome.
There was no spontaneous fusion in any patient in the FACD group; 21 patients (24%) showed signs of advancing degeneration in the disc. In the ACDF group there were no clear radiological signs of bony intrusion in the cage without correlation to the clinical result in nine (18.8%) patients.
Clinical outcome
Excluding the patients revised by means of ACDF, 99 patients remained after two years. Figure 2 shows the course of arm and neck pain in both groups, rated using the VAS. Figure 3 shows the values of the NASS score, the Hilibrand criteria for the ACDF group are shown in Fig. 4 and the FACD group in Fig. 5 . Overall, the measuring instruments show constant and significant (p <0.001) improvement in arm pain and activities of everyday living in both groups. After two years 85 patients (85.9%) no longer had arm pain, ten (10.1%) occasional pain or clearly reduced pain and four (4%) no essential improvement. The differences in results between the groups were not significant. Six patients (6.1%) suffered progressive neck pain (4×ACDF, 2×FACD).
Seven patients (of 103) (5.7%) (3×ACDF, 4×FACD) underwent revision due to persistent arm pain, recurrences or failure of the implant. Overall, 11 patients (11.1%) had poor results (4×no essential improvement, 7×revision) (6× ACDF, 5×FACD). . Of ten patients, 92 (89.3%) reported subjective satisfaction and would undergo the procedure again (43×ACDF=87.8%, 49×FACD=90.7%). Neurological deficits were significantly (p<0.001) reduced when the patient's history of pain was less than 15 days. All results were independent of general parameters such as gender, age, height, weight, occupation or secondary illnesses. The maximum time in hospital was seven days in the ACDF group and three days in the FACD group. After three months, patients had returned to work or were able to work (30×ACDF=62.6%; 43×FACD=84.3%) (p<0.01).
Discussion
ACDF is the standard procedure for treatment of cervical herniated discs [1] [2] [3] and produces good results. Problems with ACDF may include for example loss of height in the intervertebral space, pseudarthroses, access complications and adjacent degeneration due to the loss of mobility [4] [5] [6] [7] [8] .
To reduce these disadvantages different modifications and techniques from anterior and posterior with or without reconstruction of the intervertebral space have been described [9, 10, [12] [13] [14] 16] . Questions about the progression of segmental sintering and kyphosis and their clinical relevance must be discussed, especially in the anterior techniques without reconstruction of the intervertebral space. These questions cannot be clearly answered as yet according to criteria of evidence-based medicine [9, 10, 23] .
The good clinical results of ACD with or without fusion described in the literature were achieved in our study in the ACDF and FACD groups [1] . A significant and constant improvement was achieved in both groups without significant differences. In the FACD group soft tissue damage, operating time and complications are reduced compared to the conventional procedures [1, 5, 10, 24] . Rehabilitation was rapid, and no specific operation-related measures were required. The rate of complications and revisions is comparable to published results without significant differences in either group [1, 5, 10] . The recurrence rate of 3.7% in the FACD group is comparable to the results of other techniques without complete discectomy and reconstruction of the disc space [16] .
Radiologically, there was a non-significant increase in the segmental kyphosis angle in both groups. The mean decrease in the height of the intervertebral space was significant in both groups. The absolute height of the intervertebral space was significantly higher in the ACDF group, which can be explained by the direct postoperative reconstruction [11] . Generally, comparisons of ventral decompressions with and without fusion in the literature describe higher values for decompression alone as occurred in the FACD group in this study. However, complete discectomy with curettage of the end plate is performed in studies reported in the literature [10, 11] . This probably promotes the described high rates of spontaneous fusions, which did not occur in this study. With additional fusion, too, sintering and kyphosis are described throughout the literature which sometimes lie above the values found in this study in the ACDF and FACD groups [10, 11, 25, 26] .
The goal of surgical treatment of cervical disc herniations is to achieve sufficient decompression with minimisation of operation-induced soft tissue injury and its sequelae. This study shows that predictable adequate decompression can be achieved by FACD under continuous visualisation in a short operation time. Comparison of the two techniques and with the literature shows, in our opinion, the following advantage for FACD: facilitation for the surgeon by excellent presentation of the anatomical structures; good illumination and expanded field of vision thanks to the 25°-optics; economical procedure thanks to short operation time, rapid rehabilitation and low postoperative costs of care; reduced soft tissue damage; easier revision operations; image monitoring as the basis for training of assistants; and high patient acceptance. The following are cited as specific disadvantages: limited possibility to extend the operation in the event of unforeseen difficulties; only direct and no indirect decompression by reconstruction of the intervertebral space, technically limited procedure in the direction of the foramen, only mediolateral soft disc herniations accessible; possibility of recurrences; and a difficult learning curve.
